..ethanol at pressures on the order of 80 -'100'atm, which was in good
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Combustion of methanol, ethanol, propanol -1, n - pentane,
n - heptané and n - decane was observed in air under natural convection

conditions_at pressures up to 100 atm. The droplets were simulated by

~ porous spheres with diameters in the range 0.63 - 1.90 cm. The pressure

levels of the tests were high enough so that near critical combustion
was Qbsérved for methanol.and_ethanol. Measurements were made of the

burning rate and liquid surface temperatures-of the fuels. The data

were compared with variable property analysis of the combustion process,

including a correction for natural convection. Due to the high pressures,
the phase equilibrium models of 'the analysis included both the
conventional low pressure approach as well as high pressure versions

allowing for real gas effects and the solubility of. combustion product-

" gases in the liquid phase. The burning rate predictions of the various

theories were similar and in fair agreement with the data. The high

4 pressufe thebry ga?e the best prediction for the liquid surface

temperatures of ethanol and propanol -1 at high pressure. The experiments

" indicated the approach of critical burning conditions for methanol and

:

agreément with the predictions of both the low and high pressure analysis .



Critical burning conditions could not bebapproached for the remaining fuels

!

due to the formation of soot deposites on the sphere at pressures in the

range 30 - 60 atm.



Introduction

In receﬁf years, there has been increased interest in dréplef
processes at elevated pressures where thé droplet can approach or
exceed its critical_foint duriﬁg com‘t\)ustion.l_4 Once the droplet
exceeds its critical point the fuel is gasified and the dfoplet

burning rate is no longer controlled by the evaporation of the fuel.

In this range of conditions, the combustion process proceeds as an unsteady

‘ diffusion flame until all the fuel vapor is consumed. This type. of.

combustion behavior has been observed experimentaliy by Faeth, et a1.5

Differences in the gasification mechanism have also been

© encountered when a droplet approaches, but does not exceed, its critical

point. For droplet evaporation at low ambient temperatures and high

pressures, Manrique and Borman6 and Savory and Borman7 found appreciable

quantities of the ambient gas dissolved in the liquid phase in the near - -
critical regime. In this case, dissolved gases and other real gas effects
combined to influence gasification rates as well as the conditions

:-required to approach the critical point. Real gas effects have also

been found to influence the conditions required for critical droplet
. 8
combustion,

- While measurements have been made of high pressure droplet
evaporation rates,7’9 comparable data are not available for droplet
combustion. Hall and Diederichsenlo studied the combustion of
suspended droplets in air at pressures up to 20 atm, however, the data

is presented as total droplet lifetime (which includes both heat - up

‘and quasi - steady burning) which complicates the interpretation .of

these results. Furthermore, the pressure level of these experiments is

not high enough to illustrate high pressure effects to a significant

degrée,



-4-

Brzustowski and Natarajanl;, present similar total lifetime dafa for aniline
‘at pressures hfrfé 55 atm.  Lazar and Faeths, were also unable to obtain
high preséure steady droplet burning rate measurements.
The present investigation emphasized the measurement of steady

~liquid fpel burning rates at high bfessures. The experimental results
were éompared with droplet combustion theories which both neglected -
and considered real gés effects. In order to insure measurements at
steady conditions, the fuel dropléts were simulated by porous spheres.
Combustion was observed in air, at preésures up to 100 atm, under
natural convection conditions. The fuels considered in the study
included methanol, ethanol, propanol -1, n - pentane, n - heptane and

n - decane.

Apparatus

A sketch of the experimental apparatus in shown in Figure i.. The
test chamber consisteﬁ of a high pressure cylindricai vessel, 66 cm long
-with an inside diémgter of 13 cm. The chamber was fitted with windows
to allow observationiof the combustion process. .
The fuel Qas fed to the center of the porous alundum Sphere through
" a watervcooled hypodermic tube (Figure 1). Spheres having diametérs
of 0.64, 0.95 and 1.90 cm were employeéhiﬁ the testing. The qutside :
diameter of the coolant tube was 0.20 cm for the 0.64 cm diameter
sphere and 0.32 cm.for the lafger sﬁheres. The fuel flow rate was
controlled by a variable displacement diaphragm fﬁmp and measured with
‘ié system of graduated burets at the pump inlet. The steady burning .
. rate was determined as thé flow rate where the surface of the sphere -
‘v-was fuily wetted and not dripping. During adjustmént to the steadf
burning‘;ondition, fuel dripping from theisphere Qas collected in a

deadfended tube at the bottom of the apparatus. The sphere was ‘“ignited



the absence of convection.
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by moﬁenta?iiy placing it’in thebvicinity_of.a electrically‘heated
wire. : | |

| Liquid surface temperatures were measured during test§ with the
0.95 pmvdiameter sphere. These measurements’were made with two_O.QOS cm
diameter chromel - alumel thermocoﬁples mounted on opposite sides
of the surface of the sphere, 60° from thé bbttom stagnation point.

‘ A constant gas composition was maintained around the.spheré by
adding air through a manifold at the bottom of the chamber. Thé drift
veiocity of the air past the position gf the sphere:however, was

sufficiently low so that natural convection was the predominant

convection effect. The exhaust gas was removed from the top of the

"chamber through a water cooled tube. After cooling and trapping out

1

condensate, the exhaust gas'was passed througH'a.needle valve which

controlled the pressure of the test chamber.

Theory

In many respects; the present theory is similar to that of
Refs. 8 and 12 fo£ high pressure droplet combustion, therefore, only a
brief discussion of the analyéis will be undertaken in the fbllowing.
The major point of difference involves thé different boundary conditions
at the liquid surface for theapresent porous sphere combustion as

opposed to steady droplet combuétion.

The theory may be divided into a gas phase model of the combustion

‘process and a phase equilibrium model for conditions at the liquid

surface. In the gas phase model, the effect of convection is treated by

the usual multiplicative correction of the burning rate predicted in

13,14 Therefore, the basic analysis assumes

- spherical symmetry and neglects convection effects. ~The remaining

véssumptions are similar to those of Refs. 8, 12 and 13. The
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reactjon;is taken to be confined to an infinitely thin flame surface,

whére/fuel and oxidizer combine in a stoichibmetric proportions. " The

process is assumed to be steady, dissociation and radiation are neglécted

and the total preésure is assumed to be uniform throughout the system.
Only concentration diffusion is considered in the gas phase

anélysié and the influence of compressibility on fran;port properties

is neglected. The coﬁténifation defendence of the thermai conductivify

ismheglected and thé binary diffusivities of all species are taken

to be the same, although different-valﬁes of each of these properties

can be employed inside and outside the flame. Since earlier studies

have shown that the Qalue of the Lewis number has a strong influence

, . S s 8 . .
on conditions at the liquid surface, the common unity Lewis number

assumption was not employed in the analysis.
In the preseﬁt experiment, the liquid fuel was pumped from a

stofage vessel at atmospheric pressure to the.center of the sphere.
Therefore, due to the low solubility of gases in tﬁe test fﬁels at

low preésures, it is appropriate toAaséume that the liduid enterihg the
sphere has a negligible dissolved ga§ concentration. Underlﬁhis
as;ﬁmption, the liquid phase flux of dissolved gas is zero and the

fuel is the only component with a finitg\mblar flux inside the flame

surface.

The specific heat of each species was assumed to be a linear

" function of temperature

Cpi =a, + bi T. T 1) -

The thermal conductivity was also assumed to be proportional

to temperature in the regions inside and outside the flame

A = k% (T/Ts). (2)
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The quantity
X = M (D) - (3)
ig.only.a Weak.function of femperature and composition and was assumed
to be a constant inside and outside the flame.
With due allowance for fhe fact thatvthe'fuél mole flux ffaction
is unity in the regiQn inside the flame, the details of the gas phase

analysis are very similar to that presenfed in Ref. 12. The specific

-results obtained in the present case are giveﬁ in the appendix. In

addition to this variable property - variable specific heat analysis,
éalculations_were i performed for variable property - constant
specific heat and coﬁétént property models; |

The semi-empirical correction, for the effect of natural convection
on the burning rat¢,14 was based on the natural convection heat
transfer éorrelation determined.by Yuge;15 In addition, tﬁe Grashoff
number for burning spheres sﬁggestéd by Spalding16 was employed
in thekcorrelation. The specific equation used in the caICulatiqns is

. i
as follows

=1 + 0.221 Prl/z(dzg/v2)1/4

S| H<

(4)

0

In order to avoid ambiguity, the properties used in this correlation

were taken at the ambient conditions of the burning sphere.

Three models were emplbyéd for computing phase equilibrium at
the liquid surface. The simplest model (low pressure theofy)

neglectéd the solubility of the producf gases in the liquid phase

~and other high pressure corrections. The fuel mole fraction at the

)

liquid .surface was taken to be the vapor pressure of the pure fuel, at
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the sﬁrface temperature, divided by the total pressure. The total

was determined by summing the

enthalpy rise of vaporization, Ll’

compressed liquid enthalpy change at To’ the heat of vaporization at
To’ the ideal gas enthalpyrise between T, and T and the enthalpy.

deviations between saturated vapor and the ideal gas states at

'To and T;. In this case, the ideal gas enthalpy rise was computed

by integrating a;tual,;pecific heat cofrelations'betwgen TO and.TS,
as opposed to the linearized specific heat correlation (Eq. 1)
gmpioyed in the gas phase analysis. ' The enthalpy deviations were
obtained from the tables of Lyderson, et al, presented in Réf. 17.
The high—pressufe theories considered solgbility and othér

high-pressure effects thr&ugh the use of a modified Redlick-Kwong
equation of state with mixiﬁg rules givén by Prauénitz and Chueh.18

For combustion in air, the major gaseous species at the liquid.. .

surface are fuel Vapor,vnitrogén, carbon dioxide and water vapor. Sinée

nitrogen predominates the non-fuel gases -in this system, the

'simplified version of the high pressure theory assumed that this

system could be represented by a binary mixture of fuel and

nitrogen. The more complete version of the high pressure theory

considered the complete quaternary system; fuel, nitrogen, carbon dioxide

énd water.' - : BN

The details of the formulation of the high pressure phase
equilibrium model are givén in Ref. 12. The dimensionless constants
rgquired by the Redlick—Kwong equation of state Were obtained py
setting the first and second isothermal derivativés'of pressure, with
resﬁect to volume, equal'to zero at the criticai point. Thé binary.

interaction parameters, kij’ required by the theory are listed in Ref. 8

"~ for the paraffins and the combustion product gases. - For the alcohois,
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the kij values were taken to be the same as that of the hydrocarbon

homomorph of fuel. These values are listed in Table 1. For the

‘high pressure theories, the enthalpy deviations required in the

calculation of the total heat of vaporization of the fuel were com?uted
direcfly from the Redlick-Kwong equati&n of state. The remaining terms
EOmprising the enthal?y rise of Vapdrization were computed in the same °
manner as:in the low preésure theory calculations.

The sources of property data and correlations were the same as in

8,12,13 "

earlier studies. The particular values employed in the present

calculations are given in Table II (with the exception of L1 which is

too variable to be represented by a single value). The calculations

proceeded by‘guessing a value for the liquid surface temperature Tos®

at a given total pressure, and then computing L] and XIS,(the.fuel,t;lﬁh.-n-v

mole fraction at the liquid surface) from the phase equilibrium analysis.

-These values of Ly and T, were then employed to compute a value for

Xls from the gas phase analysis (eq. A-1 to A-13). The final_solutioh‘

was obtained by varying TS until the two values of X s Were matched.

1

[N

Results and Discussion

All the experimental results were obtained for combustion in air.

‘.

The ambient air temperature and the fuel inlet temperature were both
300 K. The 0.95 cm diam sphere was used for the bulk of the burning

rate measurements. Figures 2 and 3 illustrate the results for the

- élcohois and paraffins, respectively.

The theoretical results shown in Figures 2 and 3 were calculated

'wi;h the variable property - variable specific heat gas phase analysis.
" The quaternary version is illustrated for the high-pressure theory.

~ The theoretical curves are terminated at high pressures when the critical
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burning condition is reached. For the low-préssure theory, critical
bﬁrﬂing was assumed when the liquid surface temperature ¥as equal to
the critical temperature of the fuel. Critical burning for the high-

pressure theory formally occurs when thevliquid‘surface reaches its critical

_mixing point'for the conditions of the combustion process. The burning

rate predictions of the two.theories are almost identical, although
the high pressuré theory generally predicts a higher pres%ure for
crigical combustion. |

The expefimental results for ﬁethénol and ethanol (Figuré 2) were
terminéted at high pressures due to difficuitiés‘ in determining the burning -
rate. At pressures on the order of 8Of1007atm, for these fuels, the
flame zone wohld ténd toc move away from the sphere with increased fuel

flow rates, and clear evidence of fuel dripping could not be obtained.

This behavior probably indicates the onset of critical burning for these

~ fuels, although the pressure where this occured could not be ‘defined very

precisely.

The burning rate data for the remaining fuels in Figures 2 and 3

-are terminated at high pressures due to the formation of soot. In these

cases, carbon spots would form and grow on the surface of the sphere

causing the test to be terminated at elevated pressures.

The absolute agreement between the theoretical and experimental burning

rates in Figures 2 and 3 is comparable to results obtained in low
‘pressure tests, e.g. Ref. 13. In particular, the theory gives a

' reasonably good indication of the rate of increase of the burning rate

with increasing pressure.

The effect of'varying sphere size is examined for n - heptané

- and methanol in Figure 4. For this plot, the dimensionless

. _-burning rate, normalized by the.convection correction, is employed

for the ordinate so that the data for various sphere sizes should fall
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on a single curve. It is seen that this normalized burning rate (which

‘corresponds to the no-convection burning rate of the theory) is almost

a constant up to the critical burning condition for the present porous

sphere experiments. This is due to the fact that the no-convection

burning rate is-iargely dependent upon the total enthalpy rise of
v;porization, which does not change to a gfeat degree with increasing
pressure for porous spheres. In thisvcase, the reduced heat of
§aporization near the critical point is‘compenséted by increases in the
enthalpy rise reqpired to bring the fuel from the inlet to the surface
temperature. |

The fact that thé normalized burning rate is relatively constant
indicétes that the increase-in burning rate with inéreasing pressure im-.
Figures 2 and 3 is largely due to convection effgéts. The present experimental
results represent a resonably good test'of"the burning rate correction ..
for natural convection, since the Qrashoff number, based on the Sﬁalding
definition used in (Eq.'l), varies in the range 104 ; 108.

fhe liquid surface temperature results for thé six fuels are
illustrated in Figures 5 and 6. fhg'boiling'point curves aﬁd the surface
temperature predictions of both the low-pressure and quatérﬁary?high—
pressure theories are shown on the figures along with qhe'déta. The difference

between the two theories is more obvious with regard to surface

temperatures, than was the case for burning rates, with the high pressure

theory predicting the lowest surface temperature at a given pressure.

It is seen in Figure 5 that the data for ethanol and propanol -1

-.agrees reasonably well with the high pressure théory at high pressures.

For methanol, however, the low pressure theory gives the best estimation

‘of the data over the entire test range. The poorer high-pressure theoretical

results for methanol could be due to the large quantities of water vapor
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in the combustion products .of this fuel. Water'is difficult to model
brecisely in fhe high-pressure phase equiliérium analysis, and»matérials
with high water vapor concentrations in the products have generally shown
poorer agreement with the high-pressure theory in the past.19 The data
for the paraffins in Figure 6 could not-bé extended to sufficiently
high pressures to provide an adequate test of high pressure theory
due to the soot forﬁation. Over the available experimental range,»the
low pressure theory appears to be édequate f9r'these materials,

Figure 7 illustrates computed gas-and 1iqﬁid phage compositions, at
the liquid surface, for ethanol and n-heptane. These results pertain
to'porpus sphere combustion in aif, with a fﬁel inlet and ambient air
£emperaturé of 300 K. The gas phase camposition remains relatively
constéﬁt as the total pressure is increaséd for both fuels. In contrast,
the liquid phase concentration of dissolved.gas increases significaﬁtly
with increasiﬁg_pressure. The critica1~mixing point of the surface
(the critical coﬁbustion condition) is indicated by the equality of the
'liquid and gas phase composition at this_state. The dissolved gas'
concentration becomes quite 1argé nea¥ the critical combustion conditign
for the present test conditions, reaching values as high as 60% for n.decané.

At pressures higher than the'critical combuétion ¢condition, the
procéss-is similar to the porous sphere combustion of gas. In this
regime, no liquid surface would be observed and a range of fuel flow
rates (subject to blow-off and qﬁenching limits) could be aécomodated
by the sphere at a given pressure; as opposed to the single fuel
‘flow: rate possible for liquid fuei combustion at pressures below the
critical combustion coﬁdition. |

The_previbus'high pressure theoretical results were obtained with

the quaternary'phase equilibrium model. The simplified binary model
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gaVe essentially the same results with regard to burning rates and
liguid surface temperatures. In contrast to high pressure droplet

. 8 e il
combustion, however, there were significant differences between the

critical porous sphere combustion pressures predicted by the two high-

‘pressure theories. The critical combustion conditions for all three

theories are compared with pure fuel critical properties in Table III.
In agreement with thé'experimentgl findings, both the low pressure
andvhigh pressure quaternaryvtheories predict cfitiéal burning pressures
on the order of 100 atm for methanol and ethanol. Tﬂe theoretical
indicétion that ethanol should experience critical burning at pressures
somewhat belo& mefhanoi is also in qualitative agreement with-fhe fact
that g%perimental difficulities in determining burning rates were
encountéred ét somewﬁaé lower pressures for éthanbl, c.f. Figuré 2.
All th¢ previous theorefical results Qere'obtained with the

variable property. - Qariable épecific heat gas phasé'analysis, using
the properties listed in Table II. The use of the variable property-

heat and constant property gas phése analysis gave

!

constant specific

essentially the same results, when the respective constant properties

-~

in each of these cases were evaluated at average conditions in each

- region. The effect of parametric variations of the kii and the gas

phase properties listed in Table II was also examined. The value

of X; had the greatest influence on the prediction of liquid surface
temperatures and critical burning conditions. Quantitatively, the
effect of variations of this parameter was similar to that encountered
. . . C . 13,19 . .

in earlier studies of high pressure combustion.” Variations in
the predicted burning rates were almost in direct proportion to
variations in the value of Ai’ and were relatively insensitive

i

to changes in X; -
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Conclusions

The low aha-high pressufé theories gave essentially fhe same
prediction of burning fates at high pressures. The discrepancies
between theory and experiment over the present test range were

comparable to the errors encountered in earlier studies at atmospheric -

13 s . . . .
. pressure. The convection correction given in Eq. (1) gave

. . ) 4
reasonably good results for Grashoff numbers in the range 10 - 108.
" The greatest differences between the theories were encountered

in the prediction of liquid surface temperatures and critical burning

conditions. The quaternary high pressure theory gave the best

: égreement with the experimental results for ethanol and propanol -1.

s

4

The ‘low pressure theory, however, was superior for methanol. It is

suggested that the greater amount of water vapor in the combustion

‘products. of methanol is responsible for the poorer agreement of the

high-pressure theory for this fuel. The exp%rimental results for the

paraffins did not extend to high enough pressures to provide a test

‘of the high pressure theory.

The experiments indicated that the methanol and ethanol were

approaching critical combustion conditions at pressures on the

“order of 80 - 100 atm. Both the low pressure and high pressure

-

quaternary theories predicted critical burning in reasonable
agreement with these results. Critical burning conditions could not Be‘
appioached for the remaining.fuels due to the formation of Soot‘
depdsiteS'on the sphere at pressures in the range 30 - 60.afm.

The use of variable properfy - variable specific heat, variable
property --constégﬁ specific Heat and constant property'gas phase

analyses gave essentially the same results as long as the réspective

constant properties were evaluated at average conditions inside and-
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3™

outside the flame. Parametric property variations caused variations
in the computed results similar to those encountered in earlier high
o . 8,13,19 ; ) .
pressure combustion studies. For porous spheres, the binary
high pressure theory gave a poorer approximation of the quaternary

high-pressure theory, than was the case for high pressure droplet

. 8
combustion.
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Nomenclature
'ai, b, . spéqific heat parameters, Eq. (1)
a', b' weighted specific heat parameters, Eq.(A-11)
c concentration
Cé ' specific heat
d ~ droplet diameter
D binary diffusivity
g accéleration of gravity
L enthalpy rise of vaporization
n total molar flow rate
Pr Prandtl number
Q enthalpy of reaction
T radial distance
T . temperature
X mole fraction
ai o stoichiometry parameter; Eq. (A-6)
-a' ‘weighted stoichiometry parameter, Eq. (A-8)
A thermal conductivity-
v ) kinematic vis;osity
.E,E‘. parameters, Eqs.(A-2) and (A-10)
¢,¢'  | . paraméters, Eqs. (A-2) and (A-lO)

X parameter, Eq.3
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? Subscripts
5‘ .
H
: . c. _"flame surface
, € region outside flame
L e region inside flame
i
: o no conve@tion condition
| - ,
% s liquid surface
; ' ® ambient condition§
N
i \
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Appendix

| In the following, the fuel is denofed as component 1 and oxygen
is denoted as component n. The gas phase solution in the region
inside the flame gives the.following expression for the fuel mole

fraction at theiliquid'surface

(a. +b T +&)(a, +b.T - &) X;/%

X =1 - 1 l¢c 1 1's 5 )
ls : ; i

, (@, + b, T -8, +bT +8 | L& (A1)

where

| b,
2 2 2 : 2 -

= - = - 2 - - —— R =2
£ o] ?l ubl (L1 alTS ; TS ) | (A-2)

: ] . . ' ' 2
The solution has a second branch for negative values of &7,

: 2 : a, + b.,T a, + b.T
X, =1-expd 2 |an 1S tan i 1Cy 1} %5 (A-3)

1s ¢ e ¢

The mole ffactions of the- remaining species at the liquid surface are

given in terms of the composition of the flame

st = ch (1-X;) 5 §=2,...,10-1 . (A-4)

The solution in the region inside the flame also yields an expression

for. the burning rate in terms of properties in the flame

(1- =) = In
41T A c
S Si

nTb T . a b, a
. 0s'1 1 ‘ 1 2 20 . 'S _
e l:1+ (T-T.) + 5p (T °-T, )](1 X )N 5 (a-5)

| L1 2L1

- The stoichiometry of the reaction is taken as follows

17" %% | (-6



The concentration of fuel and oxygen is . zero in the flame. The solution
in the region outside the flame yields the following expression for

the composition of the remaining species in the flame

(@'%, - aj)/(a"xjw - _"‘j) = an/(an!— a'X ) B (A-7)

where

. n ‘ \ .
a' = I a, . _ (A-8)

The flame temperature is related to the ambient oxygen concentration

as follows

(a'+b'T +€'-)(a'+b'T _gv) . o \U'Xe /,.'
® c - NN/
T = o t
(a’fb"foo‘g')(a'+b'TC+E') { O‘n—OJ"'XnOC) \\E"/ > 5'2>6 o (A-9)
where
2 -2 2 b' o2y
1 = —d! - [ _ [ - _ t - -
£ ¢ a ' (L, - Qg - a'Ty . T.O). - (A-10).

In these equations, Qs is the enthalpy of reaction of gaseous fuel and

products at Ts and

. n B n :
a' = L a.a, ,. .b" =% a.b, . (A-11)
j=2 J ] o j=2 J)
The other branch of the solution is 7 .
: a'+b'T a'+b'T o 20L'Xe .
-1 c -1 o n 3 v :
exp 4tan = ( ———= ) -tan ~ ( — )} = [ — \\¢,/, 5 .
L . ¢! an_a'X \e’/ , ¢'7>0 (A-12)

nee

The solution in the region outside the flame also yields an expression

relating the burning rate to properties in the flame
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L - - s . R .at
: b 2.2 2y
' t - 1 - —_— - LRV
noqsb' Ll,Qs+a (T, TS)+ 5 (T, Ts )l o \a Xe i
S = 1In : 5 5 . (A-13)
. _ t _ ' e !
“4mr A Ll Qs+a (Tc Ts)+ E—-(Tc Ts ) %o XHKJ
c’se 2

Given T, T, and the ambient compostion, Eqs. (A-1) - (A-13) are
sufficient to solve for Tc’ ﬁo’ T, and the composition of the flame and

the liquid surface.
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Alcohol binary interaction parameters, kij
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Table I

HO

‘Note: k,. = k..
ij ji

and k..
ii

Substancg N2 CO2 2

methanol .10 .08 .15

ethanol .15 11 .20

propanol -1 .20 %16 .25
=0



. Table II -

Properties used in the gas phase calculations.

S ad* L ad* T
a b A.x10 A x10 X X Q
" Material cal/gmol K cal/gmol K2 L. ‘ © * e S
: ® ; cal/sec cm K- cal/sec cm K cal/gmol K cal/gmol K K cal/gmol

Methanol 11. 0.009 2.26 o 1.64 14, 8.29 161.7

Ethanol 17. 0.013 2,22 1.61. 19. 8.60 305.5

Propanol -1 22, 0.019 2.17 1.5¢ 21. 8.20 452.2
‘n-pentane . 31. 0.029 1.78 - . 1.57 21.¢ 8.17 782.0
* n-heptane 44, 0.040 1.72 1.57 23. 8.17 1075.9
~n-decane 62. . 0.057 1.54 1.57 28. 8.17 1516.6

¢
ce, 9. ©.0.0025 o . : ‘
‘ *at 10007K, % from Eq. (2) at any other temperature:
H,0 7. 0.0018 o
' : +at 2987K.
N, 6. 0.0008
0 7. 0.0010




Predicted Critical Burning Conditions for Porous Sphere Combustion in'Air*

Table III

- Substance CHEOH CZHSOH C3H7OH C5H12 C7H16 C10H22
Critical Properties ' '
Pressure 78.5 63.0 51.0 33.%3 27.0 20.8
'Temperature 513.2 516;0 540.7 469.5 540.2 ©.619.0°
Low Pressure Theory
Total Pressure 109 38 78 48 .. 52 51
" Surface Temperature 513.2 516.0 540.7 469.5 540.2 1619.0
"Binary High Pressure Theory :
Total Pressure 168 125 125 82 108 125
Surface Temperature 489 496 516 450 - 512 590
Quaternary High Pressure Theory
Total Pressure 114 100 102 65. 80 108
Surface Temperature 486 494 510 583

514

449

*Fuel inlet and ambient air temperature

0, S .
of 3007K, pressure in atm, temperatures in K.




Fig.

Fig.
ﬁig‘,
Fig.
Fig.

Fig.

Fig.

List of Figures

Sketch of the experimentél apparatus.
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